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(57) Abstract 

The present invention re- 
lates to a gas feeding system, and 
more particularly, to a gas feeding 
system for chemical vapor deposi- 
tion (CVD) reactor capable of im- 
proving the uniformity and qual- 
ity of deposited film in the manu- 
facture of semiconductor devices. 
The present invention also relates 
to a method of controlling the 
same which prevents the waste of 
reactant source. The gas feed- 
ing system of the present inven- 
tion preferably comprises a plural- 
ity of reactant source supply appa- 
ratuses, each being connected to 
the reactor to supply different re- 
actant sources therein discontinue 
ously or sequentially. Each reac- 
tant source supply apparatus in- 
cludes a pass valve to prevent the 
waste of non-use reactant sources. 
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GAS FEEDING SYSTEM FOR CHEMICAL VAPOR DEPOSITION 
REACTOR AND METHOD OF CONTROLLING THE SAME 

TECHNICAL FIELD 

5 The present invention relates to a gas feeding system, and more particularly, 

to a gas feeding system for chemical vapor deposition (CVD) reactor capable Of 
improving the uniformity and quality of deposited film in the manufacture of 
semiconductor devices. The present invention also relates to a method of controlling 
the same which prevents the waste of reactant source. 

10 

BACKGROUND ART 

It is often desirable to form films of uniform thickness on a substrate in 
semiconductor manufacturing. Accordingly, considerable efforts have been made to 
improve both equipment and manufacturing process. 

15 Recently, many processes for forming a high quality film were developed 

using surface reaction on a semiconductor substrate: processes such as using 
discontinuous supplies of a reactant source on a substrate, atomic layer epitaxy, and 
sequential supplies of a reactant sources on a substrate. The films formed by the 
above processes have enhanced uniformity and quality, and minimized impurity 

20 concentration therein. However, the above processes have a disadvantage of the waste 
of non-use and idling gaseous reactant sources. 

In most conventional processes, one or more types of reactant sources were 
simultaneously and continuously supplied into a reactor, forming a film on a 
semiconductor substrate by the decomposition of reactant sources. However, such 

25 processes also have disadvantages that uniformity in film thickness, film quality, and 
impurity concentration are considerably affected depending upon the flow direction, 
flow velocity, temperature, types of used reactant sources. 

DISCLOSURE OF INVENTION 

30 Accordingly, it is an object of the present invention to provide a gas feeding 

system for chemical vapor deposition reactor and method of controlling the same 
capable of producing a high quality film when used for such process as using 
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discontinuous or sequential supplies of a reactant sources. 

It is another object of the present invention to provide a gas feeding system 
for chemical vapor deposition reactor and method of controlling the same capable of 
preventing the waste of non-use and idling gaseous reactant sources when not feeding 
the sources into the reactor. 

In order to accomplish the aforementioned objects, the present invention" 
provides a gas feeding system for chemical vapor deposition reactor having at least 
one reactant source supply apparatus, the supply apparatus each comprising: a mass 
flow controller for controlling the flow rate of a carrier gas which carries a reactant 
source; a reservoir for containing the reactant source, the reservoir having inlet and 
outlet valves for controlling the flow of the carrier gas through the reservoir; a supply 
valve for controlling the mass flow of the reactant source carried by the carrier gas to 
the reactor; an evacuation valve disposed between the outlet valve and the supply 
valve, the evacuation valve evacuating the carrier gas or the reactant source toward a 
15 vacuum pump; and a pass valve disposed between the inlet valve and the outlet valve 
so that the carrier gas passing therethrough flows into the reactor or the evacuation 
valve, the pass valve stabilizing the carrier gas mass flow controller as well as 
preventing the leakage of the reactant source from the reservoir. 

In the embodiment, the number of the reactant source supply apparatus can 
20 be more than one, the supply apparatuses respectively having reservoirs containing 
different reactant sources, each of the supply apparatuses being connected to the 
reactor to supply different reactant sources therein in order to deposit complex 
materials such as PZT, BST, or SBT. 

Preferably, the reactant source supply apparatus further comprises a first 
25 purge gas supply unit disposed between the supply valve and the reactor so as to 
prevent the backward flow of other reactant sources into the source supply apparatus 
upon deposition reaction. More preferably, the first purge gas supply unit further 
comprises a mass flow controller for controlling the flow of purge gas therethrough to 
a constant level. 

In addition, the reactant source supply apparatus further comprises: a second 
purge gas supply unit disposed between the supply valve and the reactor so as to 
purge the reactant source residue; and a purge valve for regulating the flow of purge 
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gas therethrough. 

The present invention method is applicable to the control of a gas feeding 
system for chemical vapor deposition reactor having at least one reactant source 
supply apparatus, the supply apparatus each comprising: a reservoir for containing 
5 said reactant source, the reservoir having inlet and outlet valves for controlling the 
flow of the carrier gas through the reservoir; an evacuation valve disposed next to the" 
outlet valve, the evacuation valve evacuating the carrier gas and the reactant source 
toward a vacuum pump; and a pass valve disposed between the inlet valve and the 
outlet valve. 

10 The control method comprises the step of shutting off the inlet and outlet 

valves simultaneously with opening the pass valve so that the carrier gas passing 
therethrough flows into the reactor or the evacuation valve without the waste of 
reactant source in the reservoir. 

In the control method, preferably, reactant source residue is removed by 

15 flowing the carrier gas into the reactor through the open pass valve. Additionally, the 
carrier gas is evacuated through the evacuation valve to stabilize the reactant source 
supply prior to the supply of reactant source from the reservoir to the reactor. 

The foregoing, and other features and advantages of the invention, will be 
apparent from the following, more particular, description of the preferred 

20 embodiments of the invention, the accompanying drawings and the appended claims. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a schematic view of a gas feeding system in accordance with an 
embodiment of the present invention; 
25 FIG. 2 is a schematic view of a gas feeding system, having a reactant source 

vaporizer, in accordance with another embodiment of the present invention; and 

FIG. 3 is a schematic view of a gas feeding system with a plurality of 
reactant source supply apparatuses connected to one reactor, in accordance with 
another embodiment of the present invention. 
30 Where considered appropriate, for brevity sake, reference numerals have 

been repeated among the figures to indicate corresponding elements. 
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BEST MODE FOR CARRYING OUT THE INVENTION 

[Example 1] 

FIG. 1 is a schematic view of a gas feeding system in accordance with an 
embodiment of the present invention. Referring to FIG. 1, a mass flow controller 10 

5 for controlling the flow rate of a carrier gas to carry a reactant source is connected 
through a reactant source supply tube 12 to a reactor. The carrier gas is preferably an" 
inert gas to prevent reaction with the reactant source. The reactant source in use for 
the film material is contained in a reactant source reservoir 14 connected to the supply 
tube 12. Between the supply tube 12 and reservoir 14, an inlet valve 16 and an outlet 

10 valve 18 are disposed to supply the reactant source into the reactor according to the 
flow of the carrier gas. In general, the reactant source contained in the reservoir 14 is 
a solid or liquid phase, but the reactant source should be vaporized within the 
reservoir 14 or on the supply tube 12 for the chemical deposition. A supply valve 20 
is disposed between the outlet valve 1 8 and the reactor to regulate the flow of reactant 

15 source supplied into the reactor through the outlet valve 18. In most prior art 
techniques, the mass flow controller 10 is maintained in an "on" state for the 
subsequent process after the completion of reaction because it takes much time to 
stabilize the flow controller 10, especially when the controller 10 is "on/off switched. 
Moreover, it also takes much time to stabilize the supply of the reactant source. In 

20 order to stabilize the reactant source supply by evacuating the reactant source or the 
carrier gas, the gas feeding system of the present invention comprises an evacuation 
valve 22 disposed between the outlet valve 18 and the supply valve 20. The 
evacuation valve 22 is connected to a vacuum pump 24. Additionally, a pass valve 26 
for passing the carrier gas therethrough is disposed between the inlet valve 16 and the 

25 outlet valve 1 8 to prevent the waste of the reactant source. 

In order to prevent the backward flow of other reactant sources into the 
source supply apparatus upon deposition reaction, a first purge gas supply unit 28 is 
disposed between the supply valve 20 and the reactor, and the first purge gas supply 
unit 28 comprises a mass flow controller (not shown) for controlling the flow of 

30 purge gas therethrough to a constant level. Preferably, the purge gas is an inert gas to 
prevent reaction with the reactant source. The purge gas may or may not be the same 
as the carrier gas. 
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In addition, in order to purge the reactor of the reactant source residue after 
the supply of the source and before the the supply of another reactant source, a second 
purge gas supply unit for supplying large amount of purge gas is connected to the first 
purge gas supply unit 28. The second purge gas supply unit comprises a purge valve 
5 34 for regulating the flow of purge gas therethrough. 

The operation of the above gas supply system will now be described. 

The operation can be divided into several sequential steps such as supply of 
reactant source, removal of the reactant source residue, standby for reactant source 
supply, and stabilization of the reactant source supply. 
10 In the step of reactant source supply, the carrier gas passed through the mass 

flow controller 10 is introduced into the reactant source reservoir 14 through the inlet 
valve 16. Then, the carrier gas flows via the reactant source supply tube 12 and the 
outlet valve 1 8. The amount of reactant source supply can be controlled by both the 
flow rate of carrier gas and the temperature of reservoir 14. Thereafter, the reactant 
15 source is injected into the reactor through the supply valve 20, contributing film 
formation. In this step, the pass valve 26, both of the evacuation valve 22 and the 
purge valve 34 are shut off, and a small amount of purge gas is continuously supplied 
by the first purge gas supply unit 28 to prevent the backward flow of other reactant 
sources from the reactor. 
20 In the next step the reactant source residue is removed from the reactor and 

the reactant source supply tube 12. Following two methods can be adopted to remove 
the reactant source residue. 

In the first method, the purge valve 34 opens to purge the reactant source 

residue. 

25 In the second method, both of the pass valve 26 and the supply valve 22 are 

open and the evacuation valve 22 is closed to deliver a sufficient amount of carrier 
gas to the reactor to purge the reactant source residue. In this step, both of the inlet 
valve 16 and the outlet valve 18 are all shut off to prevent the waste of the reactant 
source within the reservoir 14. 

30 The step of standby for reactant source supply can be controlled by the 

following two methods. 

In the first method applicable to a long standby time, all valves such as the 
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inlet valve 16, the outlet valve 18, the supply valve 20, the pass valve 26 and the 
evacuation valve 22 as well as the mass flow controller 10 are shut off. 

In the second method applicable to a short standby time, the carrier gas is 
directly evacuated to the vacuum pump 24 via both the pass valve 26 and the 
5 evacuation valve 22 while the inlet valve 16, the outlet valve 18 and the supply valve 
20 are all closed. 

The supply stabilization step of the reactant source differently proceeds 
depending upon the standby steps for reactant source supply. 

If all valves are closed in the stabilization step of the reactant source, the 
10 pass valve 26 and the evacuation valve 22 are first opened to stabilize the mass flow 
controller 10, and then, the inlet and outlet valves 16 and 18 are opened with the 
closing of the pass valve 26 to stabilize the reactant source supply. 

If the mass flow controller 1 0 is already held at a stabilized state in the 
standby step for reactant source supply, both the inlet and outlet valves 16 and 18 
15 open with the closing of the pass valve 26 to stabilize the reactant source supply. This 
second stabilization step may or may not necessary depending upon an application. 

[Example 2] 

FIG. 2 is a schematic view of a gas feeding system, having a reactant source 
20 vaporizer, in accordance with another embodiment of the present invention. Referring 
to FIG. 2, the different between the example 1 and the example 2 is that a vaporizer 
36 for vaporizing the reactant source is disposed between the reactant source supply 
tube 12 and the reactant source reservoir 14. Moreover, a minute flow pump 38 is 
disposed between the reservoir 14 and the vaporizer 36 for the effective control of 
25 reactant source supply and its vaporization. The vaporizer 36 vaporizes the reactant 
source in liquid phase contained in the reservoir 14 beforehand to supply the reactant 
source into the reactor. The operation of other parts of the gas feeding system is the 
same as that of the example 1 . 

30 [Example 3] 

FIG. 3 is a schematic view of a gas feeding system with a plurality of 
reactant source supply apparatuses connected to one reactor, in accordance with 

6 
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another embodiment of the present invention. Referring to FIG. 3, two reactant source 
supply apparatuses B and C, each being the same as described in the example 1, are 
connected to one reactor. Additionally, a reactive gas supply apparatus A is connected 
to the reactor via a reactive gas supply tube 40. The flow of gas A to the reactor is 
5 regulated by a supply valve 20 disposed on the reactive gas supply tube 40. An 
evacuation valve for evacuating the gas A is indicated with reference numeral 22. 

As is the same as the examples 1 and 2, each supply apparatus comprises a 
first purge gas supply unit 28 and a mass flow controller (not shown) for the purge 
gas to prevent the backward flow of other reactant sources from the reactor upon 

10 deposition reaction. Additionally, each supply apparatus comprises a second purge 
gas supply unit for providing a sufficient amount of purge gas to purge the reactant 
source residue, and a purge valve 34 therefor. 

Referring again to FIG. 3, an example of forming "BACA" layers repeatedly 
to a desired thickness will be described. The "BACA" unit layer can be formed by 

15 reacting the gas A with a thin layer containing the B component and then depositing a 
C component thin layer thereon. Hereinafter, "A" represents the gas supply apparatus 
A, "B" represents the reactant source supply apparatus B, and "C" represents the 
reactant source supply apparatus C. 

The carrier gas passed through the mass flow controller 10 of "B" is 

20 introduced to the reactant source reservoir 14' via the inlet valve 16, and then, 
delivered to the reactant source supply tube 12 via the outlet valve 18. The reactant 
source B introduced into the reactor. All of the first purge gas supply units 28 
respectively flow small amounts of purge gases through the reactor to prevent the 
backward flow of the reactant source B into "A" and "C" from the reactor. At that 

25 time, "A" and "C" are held at standby state for reactant source supply as described in 
the example 1 . Hereinafter, any gas which will not be described in each process step 
is held at standby state for reactant source supply. 

After the formation of a thin layer B, the reactant source B residue within the 
reactor and the reactant source supply tube 12 is removed by the removal method 

30 described in the example 1 . In the meantime, the gas A is held at a stabilization state. 
Thereafter, the gas A is introduced to the reactor to react with the thin layer B. 

After the reaction between the gas A and the thin layer B, the gas A residue 
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within the reactor and the reactant source supply tube 12 is removed by the method 
described in the example 1. In the meantime, the reactant source C is held at 
stabilization or stanby state. Thereafter, the reactant source C is introduced to the 
reactor to form a thin layer C. 
5 After the formation of the thin layer C, the reactant source C residue within 

the reactor and the reactant source supply tube 12 is removed by the method" 
described in the example 1. In the meantime, the gas A is held at stabilization state. 
Thereafter, the gas A is introduced to the reactor to react with the thin layer C. 

After the reaction between the gas A and the thin layer C, the gas A residue 
10 within the reactor and the reactant source supply tube 12 is removed by the method 
described in the example 1. In the meantime, the reactant source B is held at 
stabilization or stanby state. Thereafter, the reactant source C is introduced to the 
reactor to form a thin layer C. 

The above process steps of forming a thin layer and removal of residue are 
15 repeated to form a film comprised of sequentially deposited "BACA" layers. 

In the exemplary embodiments of the present invention, the pass valve 26 is 
used to stabilize the mass flow controller, which significantly reduces the 
consumption of reactant sources. Moreover, the carrier gas passed through the mass 
flow controller 10 can be used to purge the reactant sources instead of the purge gas. 
20 As another application of the present invention, a film can be formed by 

supplying reactant sources discontinuously as follows. For example, the reactant 
source B and the gas A are first simultaneously introduced to the reactor and then 
removed for a predetermined period of time. Next, the reactant source C and the gas 
A are simultaneously introduced to the reactor and then removed for a predetermined 
25 period of time. The above two process steps are sequentially repeated to form a film 
of a desired thickness. 
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WHAT IS CLAIMED IS : 

1. A gas feeding system for chemical vapor deposition reactor having at least one 
reactant source supply apparatus, said supply apparatus each comprising: 

5 a mass flow controller for controlling the flow rate of a carrier gas which carries a 
reactant source; 

a reservoir for containing said reactant source, said reservoir having inlet and outlet 
valves for controlling the flow of said carrier gas through said reservoir; 
a supply valve for controlling the mass flow of said reactant source carried by said 
10 carrier gas to said reactor; 

an evacuation valve disposed between said outlet valve and said supply valve, said 
evacuation valve evacuating said carrier gas or said reactant source toward a vacuum 
pump; and 

a pass valve disposed between said inlet valve and said outlet valve so that the carrier 
15 gas passing therethrough flows into said reactor or said evacuation valve, said pass 
valve stabilizing said carrier gas mass flow controller as well as preventing the 
leakage of said reactant source from said reservoir. 

2. The gas feeding system of claim 1, wherein the number of said reactant source 
20 supply apparatus is at least two, said supply apparatuses respectively having 

reservoirs containing different reactant sources, each of said supply apparatuses being 
connected to said reactor to supply different reactant sources therein. 

3. The gas feeding system of claim 1, further comprising a first purge gas supply unit 
25 disposed between said supply valve and said reactor so as to prevent the backward 

flow of other reactant sources into the gas feeding system upon deposition reaction. 

4. The gas feeding system of claim 3, wherein said first purge gas supply unit further 
comprises a mass flow controller for controlling the flow of purge gas therethrough to 

30 a constant level. 

5. The gas feeding system of claim 1, further comprising: 

9 
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a second purge gas supply unit disposed between said supply valve and said reactor 

so as to purge the reactant source residue; and 

a purge valve for regulating the flow of purge gas therethrough. 

5 6. The gas feeding system of claim 3, further comprising: 

a second purge gas supply unit disposed between said supply valve and said reactor 

so as to purge the reactant source residue; and 

a purge valve for regulating the flow of purge gas therethrough. 

10 7. A method of controlling a gas feeding system for chemical vapor deposition reactor 
having at least one reactant source supply apparatus, said supply apparatus each 
comprising: a reservoir for containing said reactant source, said reservoir having inlet 
and outlet valves for controlling the flow of said carrier gas through said reservoir; an 
evacuation valve disposed next to said outlet valve, said evacuation valve evacuating 

15 said carrier gas and said reactant source toward a vacuum pump; and a pass valve 
disposed between said inlet valve and said outlet valve, the controlling method 
comprising the step of shutting off said inlet and outlet valves simultaneously with 
opening said pass valve so that the carrier gas passing therethrough flows into said 
reactor or said evacuation valve without the waste of reactant source in said reservoir. 

20 

8. The method of claim 7, wherein reactant source residue is removed by flowing said 
carrier gas into said reactor through the open pass valve. 

9. The method of claim 7, wherein, prior to the supply of reactant source from said 
25 reservoir to said reactor, said carrier gas is evacuated through said evacuation valve to 

stabilize said reactant source supply. 
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